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Material Balance method is a concept of material equilibrium with measurement of 
response from reservoir (pressure) due to production, injection, and influx activities so 
that it can calculate the appropriate Original Oil in Place. By creating a material 
balance model, it can be done the development plan of Batang Field with the aim of 
obtaining cumulative optimum oil production. Batang Field is still feasible to be 
developed using pressure maintenance scenarios seen from OOIP of 144.3 MMSTB, 
Recovery Factor of 14.9% and Current Pressure of 70-80 psi.  Pressure Maintenance is 
a water injection with the aim of replacing the fluid that has been produced so that it 
is expected to keep the reservoir pressure from falling. Ideally this method requires 
Voidage Replacement Ratio (VRR) = 1 as the target injection. Economic calculation 
using Cost Recovery from this scenario shows a positive NVP ($ 2,865,000 USD). 
Therefore, development projects using Pressure Maintenance can be applied in the 
field. With this paper, it is hoped that it can increase reserves and  lifespan of the 
Batang oil field. 





Batang Field is a faulted anticline structure, with a major fault directed NW-SE in the 
form of an ascending fault located in the western part. The structure framework in 
this area is divided into several fault blocks and the main block is located in the 
middle-west. In general, there are three main fault directions (see Fig. 1), with 
productive formations in Duri and Bekasap Formations (see Fig. 2). 
Batang Field has Original Oil in Place (OOIP) of 144.3 MMSTB with Recovery 
Factor around 14.9% in December 2020. This field still has the potential to be 
developed that can be calculated using the Material Balance method.Batang Field is 
an oil field with characteristics of heavy oil with a viscosity of up to 250 cp and an 
oil gravity of 22 API which has produced from 2 productive formations since 1976. 
The initial reservoir pressure varies according to the depth of the reservoir, from 
160-250 psi with an average temperature of 800F. The Batang field reservoir is 
sandstone of good quality with average porosity and permeability of 31.75% & 7889 





mD for the Duri formation and 27.6% & 4667 mD for the Bekasap formation, 
respectively. 
The two formations that will be analyzed in this thesis have complete 
production data from January 1976 to December 2020. The cumulative production 
of the two layers is 21.56 MMSTB with a recovery factor of 14.94%. The final 
pressure on the Duri formation is 71 psi, and for the former formation it is 81.8 psi. 
With a small recovery factory and low pressure, the Batang field is a suitable 
candidate for pressure maintenance.  
 
 




A. MATERIAL BALANCE METHOD 
 
Material Balance Equations 
Material balance equation is a volumetric material equilibrium equation that states 
that if the reservoir volume is constant, then the number of changes in fluid 












Figure 1 – Depth structure and 
drainage radius map of Batang 
Field 
Figure 2 - Example of Log Type in 
Batang Field 
 






In the general equation of material balance, there are variables which are a 
function of pressure, thus allowing the equation to be used in predicting reservoir 
behavior. These variables are: water and rock compressibility, formation volume 
factor, gas solubility, and water influx. This is because the more fluid that is 
produced, the greater the reservoir pressure drop. By entering these variables in 
accordance with the pressure drop into the equation, a material balance model will 
be obtained which is sufficient to represent the state of the reservoir below the 
surface. In applying the material balance equation, the assumptions used are as 
follows: 
 Constant temperature value 
 Equilibrium in pressure throughout the reservoir 
 Reservoir volume constant 
 
Havlena Odeh Straight-Line Method 
This method is based on using the common equation of material balance as the basis 
for determining the amount in place by plotting linearly. 
The general equation for material balance is then simplified based on the 
elements working in the reservoir by Havlena Odeh so that it can be a straight line 
equation. 
 
F =N (Eo+m Eg+ Ef,w)+ We 
 
Notes:  
N  : Original oil in-place, STB 
Np  : Oil production cumulative, STB 
Gp : Gas production cumulative, SCF 
Wp  : Water production cumulative, STB 
Rp : Gp/Np 
We : Water influx 
m : Gas cap volume 
Bt : Formation volume factor total, bbl/STB 
Rs : Disolved gas, SCF/STB 
Cf, Cw : Formation compressibility, water compressibility, psi-1 
Swc : Water connate saturation, fraction 
F : Total hydrocarbon fluid withdrawal, bbl 
Eo : Net oil expansion, bbl/SCF 
Eg : Net gas expansion, bbl/SCF 
Efw : Net formation & water expansion, bbl/SCF 
 





Interpretation using the straight-line method by applying these equations is 
very useful because it can be used simply to calculate Original Oil Inplace (OOIP). 
The OOIP results from these calculations can then be used to validate volumetric 
OOIP calculations through geological models. 
 
Material Balance with MBAL Method 
The Material Balance model in this study was created using IPM-MBAL Software 
from Petroleum Expert (Petex). MBAL is a software developed by Petroleum Experts 
Limited since the early 1990s. MBAL software has become one of the industry 
standards for accurate Material Balance modeling. As the name implies, this 
software uses the concepts of classical Material Balance in the literature which is 
integrated into one software including the straight-line Havlena-Odeh method. 
 
MBAL Preparation and Input 
Material Balance model in this paper is made using IPM-Mbal Software from 
Petroleum Expert (Petex). In the initial step of making the Material Balance model, 
it is necessary to determine the simulation mode to be used, namely Black Oil. This 
Black Oil simulation mode is used for reservoir types that do not experience changes 
in fluid composition with a decrease in pressure due to production. The Black Oil 
simulation only considers changes in the physical properties of the fluid as a 
parameter used in calculating the material balance. This mode is suitable for 
reservoirs with fluid types: heavy oil, medium oil, and dry gas. 
The required reservoir and production data inputs can be seen in Fig. 3-Fig. 
5. The data that needs to be prepared in the MBAL software is almost the same as 
the data used in manual calculations of Material Balance, including: 
 Initial Condition, including: initial reservoir pressure, temperature, water 
saturation and porosity 
 PVT data, reservoir fluid data containing: gas solubility (Rs), formation volume 
factor (Bo) and specific gravity (SG) 
 Production data is production vs time data in the form of: oil rate, gas rate, water 
rate, injection rate and reservoir pressure. 
 






Figure 3 - Fluid Data Input in Mbal software 
 
Figure 4 - Initial Condition Data Input in Mbal software 
 





Figure 5 - Production Data Input in Mbal software 
 
Then the calculation of in-place using straight line method (Havlena-Odeh) 
which can be seen in Fig. 6. In-place calculation result from material balance model 
for Duri Formation is 50.14 MMSTB and Bekasap Formation is 90.70 MMSTB 
 
 
Figure 6 - Material Balance Inplace Calculation 









The next stage is to forecast from the material balance model. Forecast basecase is 
basically a forecast with the assumption that the field is only produced, without any 
other developments such as drilling new wells or conversion of injection wells. The 
limit used is a minimum reservoir pressure of 40 psi as an assumption of abandon 
pressure. The forecast results using material balance method for Duri Formation of 
1.17 MMSTB and Bekasap Formation of 2.92 MMSTB (see Fig. 7).  
 
 
Figure 7 - Forecast Results from Material Balance method  
 
The results were compared with decline curve analysis method. decline 
index (Di) is obtained by selecting decline trend of production when the number of 
wells is constant (see Fig. 8).  
From the analysis of the downward trend for the same number of wells, it 
was found that the Decline Index (Di) was 8.8% for the Duri formation and 5.95% 
for the Bekasap formation. On the basis of the Di, then a production withdrawal was 
carried out with a production rate in December 2020 of 479 BOPD and 643 BOPD 
for the Duri and Bekasap formations, respectively. The Decline Curve method 
produces forecasts for the Duri Formation of 1.44 MMSTB and the Bekasap 
Formation of 3.14 MMSTB. This shows that the forecast results using the material 
balance method are not too far from the forecast results using the decline curve 
method. (See Table 1) 
 



















Pressure Maintenance Scenario 
The principle of pressure maintenance is to do an injection in the reservoir using 
water. This injection is generally carried out on dead wells or wells with low oil 
production. This is done so that the space left by the produced fluid can be replaced 
directly by injection water, thereby maintaining a stable pressure in the reservoir 
and extending the life of the field. Pressure maintenance is chosen as a development 
plan because of several factors, namely:  
 Reservoir pressure in the Batang Field is low, 
 Distance of each well that is already close does not allow for drilling infill wells 
 Remaining reserves are still quite large. 
 
Voidage Replacement Ratio (VRR) 
VRR is a comparison between the volume of water injected with the cumulative fluid 
that has come out. VRR = 1 is used as a target injection because the fluid that has 
been produced has been replaced with injected water so that the pressure can be 











Injection Well Allocation 
By calculating the target of VRR = 1, then the length of time required during the 
period of filling-up reservoir allocation of injection wells, as well as the injection rate 










































Batang Field Forecast results with injection scenario for pressure maintenance 
showed an increase in oil recovery in Duri Formation by 404.7 MSTB and Bekasap 
Formation by 1025.8 MSTB (see Fig. 9 & Table 2). 
 




Tabulation of Forecast using Pressure Maintenance 
 
 








Based on the classification of reserves according to PSME 2011, Oil and or gas 
reserves are grouped into three main sections, namely: 
 Proved reserves are those quantities of petroleum which, by analysis of 
geological and engineering data, can be estimated with reasonable certainty to 
be commercially recoverable, from a given date forward, from known reservoirs 
and under current economic conditions, operating methods, and government 
regulations. 
 Probable reserves are those unproved reserves which analysis of geological 
and engineering data suggests are more likely than not to be recoverable, In this 
context, when probabilistic methods are used, there should be at least a 50% 
probability that the quantities actually recovered will equal or exceed the sum of 
estimated proved plus probable reserves. 
 Possible reserves are those unproved reserves which analysis of geological and 
engineering data suggests are less likely to be recoverable than probable 
reserves. In this context, when probabilistic methods are used, there should be 
at least a 10% probability that the quantities actually recovered will equal or 
exceed the sum of estimated proved plus probable plus possible reserves.  
 
Based on that, then basecase forecast results for the Duri Formation of 1.44 
MMSTB and the Bekasap Formation of 3.14 MMSTB can be classified as proved 
reserves of the Batang field. This is because without developing and adding 
production facilities, oil can be extracted to its economic limit. 
Development using pressure maintenance can increase the value of reserves 
as probable reserves by maintaining pressure and extending the production life of 
the Batang field. Additional reserves may be in the Duri Formation of 404.7 MSTB 




The economic analysis in this paper uses Cost Recovery calculations with an 
investment period of 30 years until 2050. Cost Recovery is a mechanism for 
returning investment funds and operating costs by the government to contractors 
in the form of profit sharing after oil and gas fields have started producing (see Fig. 
11) 
 






Figure 10 - Production Comparison from Pressure Maintenance Scenario 
 
Figure 11 - Cost Recovery Scheme 







The total development cost in the form of Capex (Capital Expenditure) is $6,605,000 
USD consisting of $4,460,000 USD tangible and $2,145,000 USD intangible. These 
investments are in the form of well conversion costs, completion, flowline, injection 
pumps and construction of a water treatment plant. From this investment, the cost 
of well conversion and completion is intangible capex because it is a type of service, 
while the cost for flowline, injection pump and water treatment plant construction 
is tangible because it is a type of goods. The cost details can be seen at (Table 3). 
For Opex (Operational Expenditure) lifting and maintenance costs are $12.5 
USD/Barrel.  
TABLE 3 
Cost Details in Pressure Maintenance Scenario 
 
 
For tangible capex, it is necessary to calculate depreciation to determine the 
decline in the value of the investment in these goods. In this thesis, the calculation 
of depreciation uses the decline balance method for 5 years with a rate of 
depreciation of 25% (see Table 4). 
 
Net Present Value (NPV) 
Net Present Value (NPV) is the difference between the value of incoming financial 
flows and the value of outflows over a period. Economic analysis using NPV is the 
most common way used by companies to evaluate the viability of a business, project, 
or investment. A positive NPV indicates that the projected income from an 
investment or project is greater than the costs incurred. Based on the economic 
analysis, it was found to be positive at $2,865,000 USD (see Table 5 & Table 6) 
 
Internal Rate of Return (IRR) & Pay Out Time (POT) 
Pay Out Time (POT) is the time required for the return of investment, or in other 
words the length of time required to achieve cumulative revenue equal to the 
investment. POT of this development for 11.7 Years. While the Internal Rate of 





Return (IRR) is an indicator of the efficiency level of an investment. If the calculation 
of the internal rate of return shows a larger number, the better the investment made. 
The IRR of this development is 11%. (see Table 5 & Table 6) 
 
TABLE 4 




















































































RESULTS AND DICUSSION 
 
Based on these indicators, development projects using pressure maintenance are 
economically feasible to apply in the field because they have a positive NPV value. 
However, the IRR and POT indicators show a long return on capital (± 12 years), this 
is because the production gain is not obtained immediately at the time the project is 




From the content of the paper the author made several conclusions, there are: 
1. Batang Field still has a additional reserve of 1,430.5 MSTB that can be produced 
using pressure maintenance scenario. 
2. Water injection for Pressure maintenance is the most suitable scenario for 
Batang Field because the reservoir pressure is low, the distance of each well that 
has been tight, and the remaining reserves are still quite large. 
3. To fulfill the injection target with VRR=1, a filling-up period of 5 years is required 
from injection at 33 wells with a rate of 2,000 BWPD for each well. 
4. Total development cost in the form of Capex (Capital Expenditure) of $ 6,605,000 
USD consisting of $ 4,460,000 USD tangible and $ 2,145,000 USD intangible, 
resulting in NPV = $ 2,865,000 USD, IRR = 11%, and POT=11.7 years. 
5. This development project is still profitable because it has a positive NPV value. 
On the other hand, the IRR and POT indicators show a long return on capital (± 
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